Purpose: To examine the results of isolated arthroscopic posterior labral repair of the shoulder in an active military population, looking specifically at the reoperation rate and rate of return to previous military activity with a minimum follow-up period of 2 years. Methods: A retrospective case series was performed in active-duty military service members who underwent isolated, primary arthroscopic posterior labral repair at a single academic military treatment facility between 2009 and 2015 and had at least 2 years of follow-up. Patients were excluded if they were of noneactive-duty status, had insufficient follow-up (<2 years), or had undergone a concurrent procedure. Injury presentation, demographic data, and surgical data (i.e., surgical positioning, number of anchors, and anchor placement location) were compiled manually. Outcomes including the rate of return to active duty, recurrence of symptoms, and need for revision surgery were evaluated. Results: Sixty-five patients were included. After arthroscopic repair, a high rate of return to previous military duties (83%) was noted at short-to mid-term follow-up (mean AE standard deviation, 3.04 AE 1.30 years), with 1 patient (1.5%) requiring revision arthroscopic repair and 10 patients (15.5%) showing activity-limiting shoulder pain preventing a return to active duty. Intraoperative positioning (P ¼ .17), a low anchor position (P ¼ .27), and the number of anchors used (P ¼ .62) were not found to be significant contributors to continued postoperative pain or recurrent instability. Conclusions: Arthroscopic intervention resulted in a reliable rate of glenohumeral stability with a low rate of surgical revision and a high rate of return to military duty at short-to mid-term follow-up. However, 1 in 6 military service members showed significant, activity-limiting shoulder pain postoperatively that did not permit a return to previous military activities after surgical intervention. Level of Evidence: Level IV, therapeutic case series.
P osterior glenohumeral instability is relatively uncommon within the literature, representing 2% to 10% of all cases of shoulder instability. 1, 2 Posterior instability comprises a spectrum of pathology that can result from chronic microtrauma, from recurrent posterior subluxations, or most rarely, from a frank dislocation, and it can involve the posterior labrum, capsule, glenohumeral ligaments, or bony articulation. 3e11 The pathophysiology of these injuries is complex, and its presentation can be highly variable, with the most common presentation being subtle symptoms of pain or weakness without a known traumatic event. 1e4 Despite its scarcity, posterior instability has been increasingly recognized as a source of shoulder disability in the athletic population. 1e8 The mechanism of injury most classically described is repetitive eccentric posterior glenoid edge loading, such as occurs in defensive linemen or patients who regularly engage in exercises such as push-ups and bench press. Other athletes who are at risk of posterior labral injury are overhead athletes such as baseball players and swimmers. 8 Although not prominent in the literature, military personnel are likely also at increased risk of posterior labral tears owing to the extraordinary demands required of them. An epidemiologic study by Owens et al. 11 identified 10.3% of overall shoulder instability to be posterior in the military population. Military personnel are required to routinely lift and carry heavy weights overhead, climb, crawl, and negotiate obstacles or difficult terrain and to engage in daily upper-body strengthening (e.g., push-ups) and conditioning necessary to maintain the requisite physical fitness for military service.
The trend in managing posterior labral injuries has shifted toward early arthroscopic stabilization after a brief trial of conservative treatment. 1, 4, 10, 12 A systematic review and meta-analysis by DeLong et al. 12 found arthroscopic posterior labral repair to be effective and reliable in 27 studies involving contact and overhead athletes, with a high rate of return to sport (92%). However, few studies have investigated the results of arthroscopic treatment of posterior shoulder instability in an active-duty military population, including the rate of return to previous military activity and revision rate. 3, 11 Isolated posterior labral repairs constitute up to 24% of operatively treated labral repairs in a military population, which is higher than reported in previous studies. 3,11e14 The purpose of this study was to examine the results of isolated arthroscopic posterior labral repair of the shoulder in an active military population, looking specifically at the reoperation rate and rate of return to previous military activity with a minimum follow-up period of 2 years. We hypothesized that most service members would capably return to duty with a low rate of revision surgery.
Methods
A retrospective case series was performed to assess all active-duty military service members who underwent isolated, primary arthroscopic posterior labral repair at a single academic military treatment facility by 7 surgeons (with a range of 5-7 years of experience) between 2009 and 2015 and had at least 2 years of followup. Operative reports and patient charts were obtained using Essentris ( A thorough search through Essentris and AHLTA confirmed that the labral repairs were of the posterior labrum.
Patients were included in our study if they were of active-duty status; underwent an isolated, primary posterior labral repair; and had at least 2 years of postoperative follow-up. Patients were excluded if they were of noneactive-duty status at the time of surgery; had insufficient follow-up (<2 years); or had undergone a concurrent procedure, such as an adjacent (anterior or superior) labral repair or rotator cuff repair. All identified cases of isolated arthroscopic posterior labral repair that met the inclusion criteria were then compiled for further analysis. The electronic medical records and imaging software were reviewed to extract pertinent patient demographic characteristics, mechanisms of injury, physical examination findings, imaging, surgical technique, and perioperative clinical course (from time of injury to final follow-up). Isolated posterior labral tears were confirmed with magnetic resonance arthrogram imaging by the treating surgeon. The indications for surgery were continued pain and/or instability after failure of a trial of conservative management, which consisted of activity modification, antiinflammatory medication, and physical therapy. The patient's medical record, demographic variables (i.e., age, sex, rank, and military occupational specialty), laterality, injury characteristics (i.e., presence of traumatic event), and surgical history were extracted. Mechanisms of injury were stratified into either (1) direct trauma, (2) insidious onset, or (3) seizure event. Variables from preoperative physical examination maneuvers that were documented were the Kim test, 15 posterior load-and-shift test, 16 and jerk test. 16 In addition, the clinical course was analyzed to determine surgical variables (i.e., perioperative complications, surgical technique, and revision surgery) and occupational outcomes (i.e., medical discharge, return to military duty, and permanent activity limitations). Active-duty disposition after surgery was determined based on US Army Physical Disability Agency or AHLTA notation. The primary outcome was identified as surgical failure due to recurrent instability and requiring revision posterior stabilization. Secondary outcomes were defined as clinical failures, which included the inability to return to preoperative military duties because of persistent shoulder pain or dysfunction, resulting in medical separation from the military. In addition, the rate of return to previous military duty was determined, and selected variables (age, sex, arm dominance, injury characteristics, preoperative physical examination, surgical positioning, number of anchors used, and placement location of anchors) were evaluated to determine the risk factors and odds ratios (ORs) for persistent postoperative pain and recurrent posterior instability.
Surgical Technique
All arthroscopic posterior labral repairs were performed at a single institution by 1 of 7 attending orthopaedic surgeons. Patient position, anchor type, and number were at the discretion of the treating surgeon (Table 1) . A preoperative examination with the patient e48 under anesthesia was performed with comparison to the contralateral shoulder prior to positioning. The procedure was performed with general anesthesia with the patient in either the beach-chair or lateral decubitus position. A standard posterior portal was established first, followed by an anterior midglenoid portal within the rotator cuff interval. Diagnostic shoulder arthroscopy was then performed to evaluate the capsule, labrum, biceps tendon, rotator interval, axillary recess, rotator cuff, and articular surfaces of the glenoid and humeral head. After this, an anterior-superior portal was created, which was predominantly used for visualization with the arthroscope. The anterior midglenoid portal and posterior portal were used for instrumentation. On conclusion of the diagnostic portion of the procedure, a liberator was used to free up and mobilize the injured labrum. The medial neck of the posterior glenoid was further prepared to a bleeding surface using either a rasp or an arthroscopic shaver. Anchors were placed via the posterior portal or with an accessory percutaneous posterior-inferior (i.e., 7-o'clock) portal. The location and number of suture anchors used were dependent on the location and size of the labral tear, as well as surgeon preference. All surgeons routinely used 3.0-mm Bio-SutureTak or 2.4-mm Bio-Composite SutureTak suture anchors (Arthrex, Naples, FL). Suture passage was performed using an angled shuttling device (Suture Lasso; Arthrex) with superior advancement of the capsulolabral tissue using a "pinchtuck" configuration. Sutures in a simple suture configuration with single-loaded anchors were tied using standard arthroscopic knot tying with a sliding-knot configuration and reverse alternating half-hitches. Capsulolabral tissue was reapproximated to the inferior glenoid neck to reconstitute the posterior-inferior bumper, tension the posterior band of the inferior glenohumeral ligament, and re-center the humeral head on the glenoid. These steps were repeated for each anchor used in the repair and capsular plication.
Immediately after the procedure, patients were kept in a shoulder sling with an abduction pillow in neutral rotation for 6 weeks. During the recovery period, patients were not permitted to perform impact activities and were restricted from push-upetype movements. Passive range of motion was initiated at 2 weeks postoperatively, with progression to active range-of-motion exercise at 6 weeks and shoulder strengthening exercises at 12 weeks. After undergoing a functional assessment, patients were released to full participation in all activities at 6 months postoperatively, including contact sports, drills, and the Army Physical Fitness Test.
Statistical Analysis
Preoperative clinical and demographic characteristics were assessed with measures of central tendency. Statistical significance was assessed using c 2 and Fisher exact tests. P < .05 was deemed significant. Univariate and multivariate regression analyses were used to test our hypothesis with ORs and 95% confidence intervals (CIs) adjusted for identified potential risk factors (summarized in Table 2 ) associated with poor outcomes and defined rates of failure. All risk factors were included in the multivariate models simultaneously.
Results
A total of 65 patients (60 men and 5 women) with a mean age of 27.8 AE 6.6 years were included in this study ( Table 1) . Of these patients, 61 (94%) were of enlisted military rank and 37 (57%) had involvement of the dominant extremity. All patients included in the study had no evidence of glenoid or humeral head bone loss based on record review. On quantification of primary injury mechanisms, 43 patients (66%) sustained a single traumatic event, 21 patients (32%) described an insidious onset of symptoms, and 1 patient (2%) had a witnessed seizure. Patients commonly presented with a chief complaint of both pain and instability (n ¼ 33, 51%), followed by pain only (n ¼ 26, 40%) and symptomatic instability in isolation (n ¼ 6, 9%) ( Table 3 ). Provocative preoperative physical examination revealed confirmatory findings on the posterior load-and-shift test (n ¼ 64; sensitivity, 98%), jerk test (n ¼ 60; sensitivity, 95%), and Kim test (n ¼ 56; sensitivity, 91%).
At a mean of 3.04 years (standard deviation, 1.30 years) of postoperative follow-up, 83% of patients (n ¼ 54) returned to their previous activities of military duty. Despite maintaining compliance with physical therapy, 1 patient (1.5%) had persistent posterior shoulder instability. He ultimately required revision surgery approximately 7 months after the index operation. He continued to have no improvement after revision surgery, resulting in separation from the military. An additional 10 patients (15.5%) showed persistent, activity-limiting shoulder pain that did not permit a return to previous military activities ( Table 4 ).
All variables assessed from univariate analysis were not found to be significantly associated with recurrent instability or persistent pain. These variables included sex (OR, 2.29; 95% CI, 0.09-58.54), age as a continuous variable (OR, 0.9; 95% CI, 0.77-1.05), insidious onset (OR, 1.45; 95% CI, 0.36-5.82), predominantly pain symptoms (OR, 1.62; 95% CI, 0.42-6.27), intraoperative positioning (beach-chair positioning vs lateral decubitus) (OR, 0.12; 95% CI, 0.01-2.47), low anchor position (between 5-and 7-o'clock positions) (OR, 0.35; 95% CI, 0.05-2.29), number of anchors used (mean, 3.2) (OR, 0.44; 95% CI, 0.02-11.18), and use of 3 or fewer suture anchors (OR, 1.9; 95% CI, 0.36-10.07) (P > .05) ( Table 2 ).
Discussion
The findings of this study indicate that primary arthroscopic posterior labral repair provides a reliable rate of glenohumeral stability with improved pain, a low rate of revision surgery (1.5%), and a high rate of return to previous military duties (83%) at short-to mid-term follow-up. Our study contributes to the currently limited body of literature on outcomes of isolated, primary arthroscopic posterior labral repair in an active military population.
Our results show that the rate of return to duty slightly lags behind the rates of return to sport in studies of athletes. A recent systematic review by Moeller et al. 17 revealed an 89% to 96% rate of return to sport in athletes after undergoing posterior stabilization surgery at a mean follow-up of 37.6 months. In the largest prospective study to date on arthroscopic posterior stabilization in athletes, Bradley et al. 2 showed a 93.5% success rate in return to play after posterior stabilization in 200 NOTE. Surgical failure is defined as recurrent instability that requires revision posterior stabilization. Clinical failure is defined as the inability to return to preoperative military duties because of persistent shoulder pain or dysfunction, resulting in medical separation from the military.
*Persistent activity-limiting shoulder pain, with failure to return to previous military activity. shoulders (183 athletes), concluding that arthroscopic labral repair was an effective and reliable treatment for symptomatic unidirectional posterior instability. Moreover, Arner el al. 4 reported a 93% return-to-sport rate in a group of 56 American football athletes, with 2 failures (3.5%) due to symptom recurrence. However, it is important to realize that the return of athletes to sport does not mean that they are returning to their previous level of competition. Bradley et al. 2 reported a 64% rate of return to the previous level of competition despite an overall return-to-sport rate of 90%. The rate of revision surgery in our study parallels that of other studies within both military and athletic populations. At an average follow-up of 3.04 years, only 1 patient (2%) required revision because of recurrent posterior shoulder instability. Similarly, Bottoni et al. 5 retrospectively compared 30 military patients with posterior instability who underwent open versus arthroscopic repair and found that recurrence rates were similar in both groups, with each group having failure in 1 patient. Savoie et al. 10 reported similar findings among athletes, with a 97% stability rate in 92 athletes who underwent arthroscopic posterior capsulolabral repair.
Despite the low rate of revision surgery in our study, 15.5% of patients had persistent pain, resulting in the inability to return to previous military activity. One reason for this finding could be the inability to modify activities, such as firing rifles, carrying heavy loads for extended periods, participating in combative training, or participating in other high-impact activity, placing patients at increased risk of persistent pain or recurrence. 18 The rate of persistent pain in this study is similar to that in previous studies on athletes who also are unlikely to be able to modify activity within their sport. A systematic review and meta-analysis by Delong et al. 12 revealed a rate of persistent pain of 17.5% among athletes (103 of 748 shoulders). Another possible cause of persistent pain could be unrecognized underlying shoulder hyperlaxity. Bradley et al. 2 noted that 62.5% of athletes with failure their primary arthroscopic posterior labral repair possessed signs of inferior instability or multidirectional instability at the time of reoperation. Of the 10 patients (15.5%) with persistent pain in our study, none opted to undergo a reoperation and all decided to proceed with the Medical Board Evaluation process. Because of the retrospective nature of the study, it is difficult to ascertain whether these cases are considered true clinical failures (i.e., pain only) versus surgical failures (i.e., patients would benefit from revision surgery). The rate of failure to return to military duty may be confounded by other factors (i.e., comorbidities and secondary gain) and may not solely result from activity-limiting shoulder dysfunction.
The mechanism of injury resulting in posterior instability has been described to stem from a single traumatic episode rather than repetitive microtrauma. 19 Symptoms frequently developed in our patient population not only from movements such as push-ups and bench press but also from overhead lifting, combative injuries, falls on outstretched hands, blast mechanisms, and tactical vehicle accidents. Thus, the spectrum of mechanisms of injury is likely broader than previously described and not limited to a narrow spectrum of patient presentations. As a result, clinicians should be attentive to these multiple causes of posterior shoulder instability in the military population, with posterior instability tests being a part of every thorough shoulder physical examination. In our study, high sensitivities of the posterior load-and-shift (98%), jerk (95%), and Kim (91%) tests were achieved and confirmed intraoperatively. The sensitivities found within the literature were 73% to 90% and 80% for the jerk and Kim tests, respectively, whereas the posterior load-and-shift test has not yet been evaluated for its diagnostic accuracy. 20 Male sex, age, insidious onset, predominantly pain symptoms preoperatively, intraoperative positioning, low anchor position, and use of 3 or fewer suture anchors were not significantly associated with recurrent instability or adverse clinical outcomes. However, it must be mentioned that our study is likely underpowered because of the low number of subjects, making a type II error more likely. Given the natural paucity of patients with posterior labral tears of the shoulder, a power analysis to determine the sample size was not performed at the start of the study. As a result, we cannot make true determinations based on our data alone, but we can make comparisons with existing literature. Regarding intraoperative patient positioning, Moeller et al. 17 performed a systematic review comparing outcomes in patients who underwent arthroscopic posterior stabilization in either the beachchair or lateral decubitus position. They found no differences in patient outcome scores or rates of recurrent instability or return to sport. Regarding suture anchor number, our study found that the number of suture anchors was not significantly associated with recurrent posterior instability or adverse clinical outcomes. This result is in contrast to findings in a study by Boileau et al. 21 on anterior labral repairs, which concluded that patients receiving 3 or fewer suture anchors were at higher risk of recurrent anterior shoulder instability. Our findings suggest that the number of anchors is not a predictor of clinical failure in posterior instability cases, in contrast to the finding in anterior instability cases. Further research is required to identify modifiable risk factors associated with persistent activitylimiting shoulder pain in this population.
Limitations
Limitations of this study include its retrospective nature; lack of power because of the small patient sample size; involvement of multiple surgeons (7 surgeons), which likely can lead to heterogeneous surgical selection bias; average follow-up period of only 3.04 years; and lack of patient-reported outcome scores. Although our rate of clinical failure due to pain or a decrease in function (15.5%) is higher than that reported in other studies, 2, 4 we must also note that a failure to return to military duty may be confounded by comorbidities and secondary gain and may not necessarily be solely due to activity-limiting shoulder dysfunction. In addition, a unique population of military personnel was used in our cohort with specific military requirements that may not be universally applicable. Subgroup analysis was also limited because of the lack of statistical power. A larger sample size may have improved the ability to analyze different risk factors that may predispose patients to posterior labral instability.
Conclusions
Arthroscopic intervention resulted in a reliable rate of glenohumeral stability with a low rate of surgical revision and a high rate of return to military duty at shortto mid-term follow-up. However, 1 in 6 military service members showed significant, activity-limiting shoulder pain postoperatively that did not permit a return to previous military activities after surgical intervention.
